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Abstract
Purpose Evaluation of three aflibercept injections at 4-week
intervals in patients with neovascular AMD showing an “in-
sufficient anatomic response” to prior anti-VEGF therapywith
ranibizumab or bevacizumab.
Methods The retrospective analysis included 96 eyes that had
received at least three intravitreal 0.5 mg ranibizumab or
1.25 mg bevacizumab injections over a period of no more
than 4 months prior to switching to aflibercept. In addition, the
selected eyes had to have evidence of persisting or increasing
sub- or intraretinal fluid, observed in optical coherence to-
mography (OCT). All patients received a loading dose of three
intravitreal 2 mg aflibercept injections at 4-week intervals.
Evaluation included central retinal thickness (CRT) and max-
imum pigment epithelium (PED) height measured by spectral
domain OCTand best-corrected visual acuity (BCVA) prior to
the switch of therapy and 4 weeks after the third aflibercept
injection.
Results A significant reduction of mean CRT (−39 μm;
p<0.001) and maximum PED height (−46 μm; p<0.001) as
found 4 weeks after the third aflibercept injection. Eighty-two
out of 96 eyes (85 %) had a PED just prior to switching to
aflibercept. There was an improvement in BCVA of 1.9 letters
4 weeks after the last aflibercept injection; the vision gain,
however, did not reach statistical significance (p=0.061). The
further analysis did not show any correlation of the change in
CRT, maximum PED, and BCVA with the number of prior
anti-VEGF treatments.
Conclusion Retinal edema and PEDs regressed significantly
after switching to aflibercept in patients insufficiently
responding to prior therapy with ranibizumab or
bevacizumab. No correlation could be found with regard to
the number of prior treatments.
Keywords Age-related macular degeneration . Aflibercept .
Ranibizumab . Bevacizumab . Tolerance . Tachyphylaxis
Introduction
The introduction of intravitreal pan anti-vascular endothelial
growth factor (VEGF) blockade for neovascular age-related
macular degeneration (AMD) in the last decade has had a
significant beneficial impact on patients with neovascular
AMD [1–3]. However, information on long-term functional
outcomes on anti-VEGF therapy in neovascular AMD are
sparse and limited by decreasing number of patients in
follow-up. A 7-year follow-up study on ranibizumab indicates
a mean vision loss of more than 8 letters and 34 % of patients
having a loss of at least 3 lines in vision at the final visit [4].
The vision loss in long-term follow-up is probably multifac-
torial. It includes natural progression of the underlying non-
neovascular AMD, too few anti-VEGF treatments despite a
still active disease, and the loss of treatment effectiveness over
time [5].
Several studies have shown that a reduced anatomic re-
sponse can be found for ranibizumab and bevacizumab in
neovascular AMD over time [6, 7]. The terms used for this
finding, range from tolerance or tachyphylaxis to resistance
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[5]. It is assumed that persistent intra- or subretinal edema
will lead to degenerative changes and subsequent vision
loss. Various reasons, including up-regulation of alternative
pathways, autoantibodies, and impairment of the retinal
pigment epithelium (RPE) have been implicated [8]. To
overcome the “insufficient response”, several treatment strat-
egies have been used. Ranibizumab and bevacizumab have
been tried in exchange, showing some anatomic response in
most cases, but the functional success has been limited [9].
Short-term follow-up, in cases of reduced anatomic response
(at least some regression showed) could indicate that more
frequent retreatments might be useful to reduce edema.
However, retreatments that are more frequent than every
4 weeks have significant implications for patients, including
higher ocular risks and an additional financial burden as
such retreatments are often not reimbursed by health care
systems. Increasing the injected drug dose (mostly doubling)
appears as an alternative, but extends biological activity by
only one half-life time [10]. Moreover, the injection of
0.1 ml leads to a higher intraocular pressure (IOP) post-
injection than the usually used 0.05 ml. So far, there is
limited data on combination therapies with steroids or
photodynamic therapy [7].
Aflibercept is a new VEGF inhibitor that differs from
ranibizumab and bevacizumab by a higher affinity to
VEGF. By entrapping the VEGF dimer, aflibercept
avoids two drug molecules binding to one VEGF dimer.
In addition, aflibercept blocks the placental growth fac-
tor (PlGF). The presented study aimed to evaluate eyes
anatomically “insufficiently responding” to prior anti-
VEGF therapy with ranibizumab and bevacizumab in a
European population, with special focus on the prior
treatment history.
Methods
The presented study is a retrospective analysis of patients
treated with aflibercept for neovascular AMD at the depart-
ment of Ophthalmology at the City Hospital Triemli in Zurich.
The study adhered to the Declaration of Helsinki, and obtain-
ed exemption from full review by the local ethics committee.
Records of patients treated for neovascular AMD with a first
intravitreal aflibercept between November 2012 to May 2013
were reviewed based on defined inclusion criteria. To select
patients insufficiently responding to prior therapy, a two-step
selection process was used. The first criterion required that the
affected eye had received at least three intravitreal 0.5 mg
ranibizumab or 1.25 mg bevacizumab injections over a period
of no more than 4 months prior to switching to aflibercept.
Secondly, the selected eyes had to have evidence of insuffi-
cient anatomic response to prior therapy, defined as any
persisting or increasing sub- or intraretinal fluid observed in
spectral-domain optical coherence tomography (OCT) using
the Heidelberg Spectralis® system (Heidelberg Engineering,
Heidelberg Germany). All 19 standard scans (setting: 512 A
scans, 20° × 15°) were compared between scans taken just
prior to the first of the last three injections with ranibizumab or
bevacizumab therapy and the scans taken just prior to initia-
tion of aflibercept therapy. Evidence of any persisting sub- or
intraretinal fluid in any of the 19 scans was considered an
insufficient response. OCT scans were compared based on
“follow-up” mode of the eye-tracking-assisted Heidelberg
Spectralis® system (AutoRescan), allowing precise compari-
son. In general, all eyes initiated with aflibercept were planned
to receive three intravitreal 2 mg aflibercept injections at 4-
week intervals, with a final visit 4 weeks (±1 week) after the
last injection, according to the Swiss label of aflibercept. The
retrospective analysis included only eyes that effectively ob-
tained this treatment.
We recorded demographic data, the total number of intra-
vitreal pretreatments with ranibizumab and/or bevacizumab,
the time since initiation of any anti-VEGF therapy, the anti-
VEGF drug used prior to changing to aflibercept, the interval
between the last intravitreal pretreatment with ranibizumab or
bevacizumab, and the first aflibercept injection.
The primary outcome was the change in central retinal
thickness (CRT) measured by OCT 4 weeks after the third
aflibercept injection, compared to the time of change in
therapy.
Secondary outcome measures were the change in maxi-
mum height of a pigment epithelial detachment (PED) — if
present— as well as the change in best-corrected visual acuity
(BCVA) using Snellen visual acuity. The change in maximum
height of the PED was measured via the software’s ruler tool
in μm on the OCT image. For visual acuity analysis, Snellen
readings were transferred to ETDRS letters according to the
publication by Gregori et al. [11]. All measurements were
conducted just prior to the first aflibercept injection and
4 weeks (±1 week) after the third aflibercept injection.
Furthermore, we analysed whether the changes in CRT,
PED, or BCVA correlated with the total number of pretreat-
ments (i.e. using ranibizumab and/or bevacizumab), or with
the anti-VEGF drug used immediately prior to the change in
therapy. Finally, the intraocular pressure (IOP) immediately
prior to the change in therapy was compared to the IOP at the
final visit. Adverse events were recorded.
All statistical analyses were done using SPSS® Version 20.
For inferential statistics, non-parametric tests were performed
for all analyses, since distributions were not normal.
Differences were calculated by subtracting pretreatment data
from posttreatment data. Dependent samples were tested with
the exact Wilcoxon signed rank test, and independent samples
with the exact Mann–Whitney U test. Spearman’s rho was
calculated for all correlation analyses. Statistical significance
was defined as p<0.05.
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Results
A total of 109 eyes with neovascular AMD and pretreatment
with ranibizumab and/or bevacizumab fulfilled the definition
of an insufficient treatment effect, and were switched to ther-
apy with aflibercept. Thirteen eyes were not included in the
analysis because they had not received the three planned
injections, or because they did not fulfill the timing schedule.
Thus, a total of 96 eyes of 88 patients were analyzed.
The mean age of the involved patients was 78.9 years. Fifty-
three of the 96 treated eyes were of female patients. Themajority
of eyes were treated only with ranibizumab (n=64), four were
treated only with bevacizumab, and 28 eyes have been switched
from bevacizumab to ranibizumab or vice versa.
On average, a total of 26.9 anti-VEGF pretreatments with
ranibizumab and/or bevacizumab were administered prior to
changing therapy to aflibercept. Of these pretreatments, the
mean number of injections was 24.8 for ranibizumab and 9.2
for bevacizumab.
The first anti-VEGF treatment was given on average
35months prior to switch of therapy, and the mean retreatment
interval since initiation of any anti-VEGF therapy was
1.3 months.
The mean retinal thickness was 337 μm (median 322 μm)
before treatment with aflibercept compared to 298 μm follow-
ing three aflibercept injections (median 277 μm). Thus, with
regard to the primary outcome, we measured a significant
mean reduction in retinal thickness of 39 μm (p<0.001)
observed 4 weeks after the third aflibercept injection.
Patients with ranibizumab or bevacizumab as last pretreatment
preceding aflibercept injection did not differ significantly with
regard to retinal thickness before and after treatment (p=
0.739). No correlation between the total number of pretreat-
ments (i.e. ranibizumab and/or bevacizumab) and the change
in retinal thickness could be found (Spearman’s rho=0.069,
p =0.507). Figure 1a shows the point by point findings with
regard to change in CRT and number of pretreatments.
There were 83 eyes with a PED at the first assessment, of
which 82 eyes had valid data for PED at the follow-up visit.
Thus, 82 eyes were analyzed for PED.
The maximum height of PED decreased significantly by
46 μm (p<0.001) from a mean of 241 μm (median 208 μm)
prior to aflibercept injection to 195 μm (median 162 μm)
following the third aflibercept injection. The type of most
recent pretreatment (ranibizumab or bevacizumab) immedi-
ately prior to changing therapy did not have a significant
influence on maximum PED (p=0.910). No correlation be-
tween the total number of pretreatments (i.e. ranibizumab
and/or bevacizumab) and the change in maximum height of
the PED could be observed (Spearman’s rho=0.121, p =
0.278) as shown in the point by point presentation of “number
of prior treatments” and “change in maximum PED height” in
Fig. 1b.
MeanBCVAwas 61.6 letters prior to switching to aflibercept.
Four weeks after the third aflibercept treatment, there was an
increase of 1.9 letters in visual acuity, which was just below
significance level (p=0.061). The type of the most recent pre-
treatment (ranibizumab or bevacizumab) did not have a signif-
icant influence on the change in BCVA (p=0.986).
Similarly to CRTandmaximum PED height, no correlation
could be observed between the total number of pretreatments
and the change in BCVA (Sperman’s rho −0.107, p=0.298).
Figure 1c shows each BCVA outcome in association with the
number of pretreatments. Four eyes had a BCVA loss of more
than three lines. All four eyes showed an anatomic response
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Fig. 1 a Change in central retinal thickness 4 weeks after the third
treatment with aflibercept does not correlate with the total number of
prior anti-VEGF treatments with ranibizumab or bevacizumab
(Spearman’s rho 0.069, p=0.507). b Change in maximum PED height
4 weeks after the third treatment with aflibercept does not correlate with
the total number of prior anti-VEGF treatments with ranibizumab or
bevacizumab (Spearman’s rho 0.121, p=0.278). c Change in BCVA
4 weeks after the third treatment with aflibercept does not correlate with
the total number of prior anti-VEGF treatments with ranibizumab or
bevacizumab (Spearman’s rho −0.107, p=0.298)
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(regression of intra- and subretinal fluid). In one eye, the
vision loss was transient, most likely due to a viral conjunc-
tivitis. In the other three eyes, vision loss was persistent and
attributed to atrophy of the RPE and/or fibrotic changes.
Figure 2 shows the central OCT scans of two of the eyes with
persistent vision loss of more than 3 lines.
No severe ocular or systemic adverse events occurred
within the 3-month follow-up period. Despite a high percent-
age of eyes with PEDs, no new tear of the RPE was seen
within the 3-month follow-up period. None of the eyes
showed a non-spontaneously resolving intraocular
inflammation under treatment with aflibercept. The mean
intraocular pressure showed a mild, but significant decrease
from 15.1 mmHg prior to aflibercept to 13.7 mmHg after the
third aflibercept injection (p<0.001).
Discussion
Switching anti-VEGF therapy to aflibercept in patients with
neovascular AMD who were showing insufficient anatomic
response with ranibizumab or bevacizumab was accompanied
by a reduction of central retinal thickness and maximum PED
height, in a short-term follow-up. An improvement in vi-
sual acuity by 1.8 letters did not reach statistical signifi-
cance. Our data are in line with other studies evaluating
aflibercept in cases of neovascular AMD showing insuffi-
cient anatomic response to previous anti-VEGF therapy
[12–17]. There is consistency with regard to an anatomical
improvement. However, not all studies show a significant
gain in visual acuity. Since visual acuity was not the
primary outcome of our study, intra- or subretinal fluid in
a subfoveal location was not an inclusion criterion, which
may explain the non-significant improvement in visual
acuity in our study. Other factors potentially providing
different functional results might include different lesion
types, variations in the definition of “insufficient response”
to previous therapy, and the type of treatment regimen used
with aflibercept.
Most studies with limited or no vision gain explain their
results with the long-standing disease. However, the present
study evaluated this aspect, but could not find a correlation of
increased anatomical or functional outcome with regard to
fewer pretreatments, as shown in Fig. 1a-c. This would indi-
cate that at least with regard to anatomical outcomes, a switch
in therapy would make sense. This is independent of the
number of pretreatments, if “insufficient anatomic response”
(as defined in our analysis) is seen with other anti-VEGF
agents. Reduced or absent edema could prevent vision loss
in further follow-up, which remains to be proven in studies
with long-term follow-up. The characteristics of the selected
patient population prior to starting aflibercept are worth men-
tioning. Visual acuity was relatively good with 61.6 letters
(20/63+) prior to switching to aflibercept, despite a mean of
26.9 prior anti-VEGF injections. These were performed on
average every 1.3 months. This patient population had initial-
ly lost 3.1 letters over a mean of 35.0 months with
ranibizumab and/or bevacizumab. This indicates that despite
no under-treatment (>9 injections per year on average), the
selected patient population did not perform well under
ranibizumab and bevacizumab. It also could imply that some
persistent fluid impairs functional outcomes.
Formerly, PEDs without significant growth were not con-
sidered as an indication for treatment in the case of absence of
intra- or subretinal fluid in neovascular AMD under prior anti-
VEGF treatment. The significant effect on PEDs after the
switch to aflibercept is remarkable, especially when taking
into consideration that many PEDs did not respond to previ-
ous therapy [16]. The questions therefore arise, whether we
should treat PEDs more aggressively with the new anti-VEGF
treatment option, and whether VEGF inhibition is related to
this effect. Despite a clear regression of PEDs under
aflibercept treatment, no new tear of the RPE occurred in
our study. Since an effect on PEDs was seen, the high number
Fig. 2 Spectral-domain optical coherence tomography images through the
foveal region prior to (a/c) and after (b/d) three aflibercept injections in two
cases with persistent edema with prior ranibizumab therapy. Despite the
resolution of intraretinal/subretinal fluid and a slight regression of the PED,
the two eyes lost more than 3 lines in vision. Both eyes had some degree of
pre-existing subfoveal RPE changes (arrows in a/c). Post aflibercept
treatment, RPE atrophy appears more evident (arrows in b/d). However
progression of preexisting atrophy cannot be concluded due to a potential
“masquerading” effect of edema present prior to switch of treatment
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of pretreatments might only be a partial explanation for the
absence of new RPE tears in this population.
It is unclear why all studies find reduced edema following a
switch to aflibercept. Theoretically, all VEGF should be
bound by intensive anti-VEGF therapy. Better retinal penetra-
tion appears rather unlikely, especially when compared to the
much smaller ranibizumab molecule. The additional binding
of the placental growth factor (PlGF) by aflibercept, its higher
binding affinity to VEGF compared to other VEGF inhibitors,
or the development of auto-antibodies to prior anti-VEGF
therapy, could serve as potential explanations [8].
In conclusion, the switch to aflibercept in neovascular
AMD “insufficiently responding” to prior anti-VEGF therapy
clearly has a beneficial anatomical effect, even on long-
persisting PEDs, and is worth a try independent of the number
of pretreatments.
Acknowledgments The study was supported by the Werner H. Spross
Foundation for Ophthalmology at the Triemli Hospital Zurich and a
research grant of Bayer AG Switzerland.
Fassnacht-Riederle and Graf have no proprietary interest. The Re-
search Foundation at the City Hospital Triemli has received honoraria
for Michels (Novartis, Bayer, Allergan, Clanotech, Alimera, Roche) and
Becker (Allergan, Alimera).
The paper was presented in part to the German Ophthalmologic
Society, Berlin, September 2013. Special thanks to Sarah Eisenstein for
proofreading the paper.
Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.
References
1. Chakravarthy U, Harding SP, Rogers CA, Downes SM, Lotery AJ,
Culliford LA, Reeves BC (2013) IVAN study investigators.
Alternative treatments to inhibit VEGF in age-related choroidal neo-
vascularisation: 2-year findings of the IVAN randomised controlled
trial. Lancet 382:1258–1267
2. Martin DF, Maguire MG, Fine SL, Ying GS, Jaffe GJ, Grunwald JE,
Toth C, Redford M, Ferris FL 3rd (2012) Comparison of Age-related
Macular Degeneration Treatments Trials (CATT) Research Group.
Ranibizumab and bevacizumab for treatment of neovascular age-
related macular degeneration: two-year results. Ophthalmology 119:
1388–1398
3. Rosenfeld PJ, Brown DM, Heier JS, Boyer DS, Kaiser PK, Chung
CY, Kim RY (2006) MARINA Study Group. Ranibizumab for
neovascular age-related macular degeneration. N Engl J Med 355:
1419–1431
4. Rofagha S, Bhisitkul RB, Boyer DS, Sadda SR, Zhang K (2013)
SEVEN-UP Study Group. Seven-year outcomes in ranibizumab-
treated patients in ANCHOR, MARINA, and HORIZON: a
multicenter cohort study (SEVEN-UP). Ophthalmology 120:2292–
2299. doi:10.1016/j.ophtha.2013.03.046
5. Binder S (2012) Loss of reactivity in intravitreal anti-VEGF therapy:
tachyphylaxis or tolerance? Br J Ophthalmol 96:1–2. doi:10.1136/
bjophthalmol-2011-301236
6. Eghøj MS, Sørensen TL (2012) Tachyphylaxis during treatment of
exudative age-related macular degeneration with ranibizumab. Br J
Ophthalmol 96:21–23. doi:10.1136/bjo.2011.203893
7. Schaal S, Kaplan HJ, Tezel TH (2008) Is there tachyphylaxis to
intravitreal anti-vascular endothelial growth factor pharmacotherapy
in age-related macular degeneration? Ophthalmology 115:2199–
2205. doi:10.1016/j.ophtha.2008.07.007
8. Forooghian F, Chew EY, Meyerle CB, Cukras C, Wong WT (2011)
Investigation of the role of neutralizing antibodies against
bevacizumab as mediators of tachyphylaxis. Acta Ophthalmol
89(2):e206–e207. doi:10.1111/j.1755-3768.2009.01773.x
9. Gasperini JL, Fawzi AA, Khondkaryan A, Lam L, Chong LP,
Eliott D, Walsh AC, Hwang J, Sadda SR (2012) Bevacizumab
and ranibizumab tachyphylaxis in the treatment of choroidal
neovascularisation. Br J Ophthalmol 96:14–20. doi:10.1136/
bjo.2011.204685
10. Meyer CH, Krohne TU, Holz FG (2011) Intraocular pharmacokinet-
ics after a single intravitreal injection of 1.5mg versus 3.0mg of
bevacizumab in humans. Retina 31:1877–1884. doi:10.1097/IAE.
0b013e318217373c
11. Gregori NZ, Feuer W, Rosenfeld PJ (2010) Novel method for ana-
lyzing Snellen visual acuity measurements. Retina 30(7):1046–1050.
doi:10.1097/IAE.0b013e3181d87e04
12. Cho H, Shah CP,WeberM, Heier JS (2013) Aflibercept for exudative
AMD with persistent fluid on ranibizumab and/or bevacizumab. Br J
Ophthalmol 97(8):1032–1035. doi:10.1136/bjophthalmol-2013-
303344
13. Bakall B, Folk JC, Boldt HC, Sohn EH, Stone EM, Russell
SR, Mahajan VB (2013) Aflibercept therapy for exudative
age-related macular degeneration resistant to bevacizumab
and ranibizumab. Am J Ophthalmol 156(1):15.e1–22.e1. doi:
10.1016/j.ajo.2013.02.017
14. Yonekawa Y, Andreoli C, Miller JB, Loewenstein JI, Sobrin L, Eliott
D, Vavvas DG, Miller JW, Kim IK (2013). Conversion to aflibercept
for chronic refractory or recurrent neovascular age-related macular
degeneration. Am J Ophthalmol 156(1):29.e2–35.e2. doi: 10.1016/j.
ajo.2013.03.030
15. Ho VY, Yeh S, Olsen TW, Bergstrom CS, Yan J, Cribbs BE,
Hubbard GB 3rd (2013) Short-term outcomes of aflibercept
for neovascular age-related macular degeneration in eyes pre-
viously treated with other vascular endothelial growth factor
inhibitors. Am J Ophthalmol 156(1):23–28. doi:10.1016/j.ajo.
2013.02.009
16. Patel KH, Chow CC, Rathod R, Mieler WF, Lim JI, Ulanski LJ 2nd,
Leiderman YI, Arun V, Chau FY (2013). Rapid response of retinal
pigment epithelial detachments to intravitreal aflibercept in
neovascular age-related macular degeneration refractory to
bevacizumab and ranibizumab. Eye 27(5):663–667, quiz 668. doi:
10.1038/eye.2013.31
17. Kumar N, Marsiglia M, Mrejen S, Fung AT, Slakter J, Sorenson J,
Freund KB (2013) Visual and anatomical outcomes of intravitreal
aflibercept in eyes with persistent subfoveal fluid despite previous
treatments with ranibizumab in patients with neovascular age-related
macular degeneration. Retina 33(8):1605–1612. doi:10.1097/IAE.
0b013e31828e8551
Graefes Arch Clin Exp Ophthalmol (2014) 252:1705–1709 1709
